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V ariou s o p in io n s  have "been exp ressed  
in  e x p la n a tio n  o f  th e  changes which take p la c e  in  
dead o rg a n ic  m a tter , commonly c a lle d  p u tr e fa c t io n .  
I t  was th e  b e l i e f  o f  th e  a n c ie n t  a g r ic u l t u r a l  
ch e m is ts  th a t p u tr e fa c t io n  v/as th e  o r ig in  o f  
v e g e ta t io n , but i t  i s  now c le a r  th a t  low  forms 
o f  l i f e ,  b a c te r ia  - u n ic e l lu la r  l i v i n g  th in g s ,  
are  th e  p r in c ip a l  f a c t o r s  in  p u tr e fa c t io n .
In  th e  f i e l d  o f  b a c te r io lo g y , i t  h as been  
e s ta b l is h e d  by many exp erim en ts th a t  th e se  
organism s accou n t fo r  th e  s p l i t t i n g  up o f  a l l  
o rg a n ic  compounds in  s o i l ,  sew age, e tc ;  and th a t  
th e  end o f  t h i s  m etam orphosis r e s u l t s  in  
m in e r a l is a t io n .
L ie b ig  en u n cia ted  about th e  y ea r  1840  
in  a paper to  th e  B r i t i s h  A s s o c ia t io n  on 
"C hem istry in  i t s  a p p l ic a t io n  to  A g r ic u ltu r e  and 
P h y sio lo g y " , th a t  n itr o g e n o u s  o rg a n ic  m a tter
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decayed in  th e  s o i l  by a ch em ica l p r o c e s s , w ith  
th e  form ation  o f  ammonia, a sm all p a r t o f  which  
was con verted  in to  n i t r i c  a c id , which a p p a ren tly  
served  a s  p la n t  fo o d . During th e  p er iod
betw een th e  y ea rs  1860 and 1880 i t  was d e f i n i t e l y  
e s ta b l is h e d  th a t  d ecom p osition  i s  brought about 
by b a c t e r ia ,  and th a t  th e  p r o c e s s  i s  n o t p u re ly  
ch em ica l in  th e  sen se  in  which L ie b ig  b e lie v e d  
i t  to  b e .
To P a steu r  must be ceded th e  honour 
o f  f i r s t  su g g e s t in g  th a t th e  changes in  s o i l  
m ight be due to  m icro organism s; and l a t e r  in  
showing e x p e r im e n ta lly  th a t  th ey  were th e  
r e s u l t s  o f  an e n t i r e ly  b a c t e r ia l  p r o c e s s .
T h is s u g g e s t io n  was p r a c t i c a l l y  a p p lied  to  sewage 
by S c h lo e s in g  and Müntz in  1877 in  an experim ent 
which h as been so fa r  reach in g  in  i t s  e f f e c t s  th a t  
i t  may be d e sc r ib ed  in  d e t a i l .
A con tin u ou s stream  o f  sewage was
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a llow ed  to  t r i c k l e  down a column o f  sand 
and lim e s to n e  in  a tube so s lo w ly  th a t  i t  
took  8 days to  p a s s , Eor th e  f i r s t
20 days th e  ammonia in  th e  sewage was n ot  
a f f e c t e d ,  th e r e a f t e r  i t  began to  be converted  
in to  n i t r a t e ,  and f i n a l l y  a l l  the ammonia was 
con verted  d u rin g  th e  p assage  through the  
column, and n i t r a t e s  a lo n e  were found in  th e  
i s s u in g  l iq u i d .  T h is f i l t e r e d  sewage
co n ta in ed  no ammonia. A fter  t h i s  p ro cess
had con tin u ed  fo r  some weeks ch loroform  vapour 
was p assed  through th e  column, w ith  the r e s u lt  
th a t  in  10 days a f t e r  th e  in tr o d u c tio n  o f  the  
ch loroform  a l l  n i t r a t e s  had d isappeared from 
th e  e f f l u e n t .  Subsequently  th e  passage
o f  ch loroform  vapour was stop ped . N i t r i f i c a t io n  
did  not recu r  u n t i l  th e  w ashings from 10 grms 
garden s o i l  were added, and 8 days a f t e r  t h i s  
a d d it io n  had been  made n i t r a t e s  again  appeared.
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in  th e  e f f l u e n t .  N i t r i f i c a t i o n  was
th u s shown to  he due to  m icro-organ ism s, 
org a n ised  ferm en ts a s  th ey  were then  c a l le d .
The ch loroform  vapour, i t  would appear, acted  
a s an a n t i s e p t i c  and k i l l e d  th e  n i t r i f y in g  
organ ism s, w h ile  th e  a d d it io n  o f  th e  s o i l  
w ash ings r e in o c u la te d  th e  m a te r ia l in  the  
colum n.
The r e s u l t s  o f  t h i s  experim ent were 
confirm ed by W arington in  h i s  in v e s t ig a t io n s  
on s o i l  a t  th e  Rothamstead s t a t io n ,  Harpenden, 
(Jou rn . Chem. S o c ie ty  1891 . p 4 8 4 .) .  He 
showed th a t  n i t r i f i c a t i o n  in  th e  s o i l  could  
be stopped by ch loroform  and C arbondisu lphide, 
and th a t  s o lu t io n s  o f  ammonia s a l t s  could be 
n i t r i f i e d  by adding a tr a c e  o f  s o i l .
T h is was an advance o f  v ery  g rea t  
im portance and formed th e  b a s is  o f  fu r th e r  work,
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nam ely th e  ta sk  o f  i s o l a t in g  th e  organism s 
w hich were a c t iv e  in  the d ig e s t io n  and 
m in e r a l is a t io n  o f  th e  su b sta n ces  d e a lt  w ith .
A fte r  many t r i a l s  u s in g  ord in ary  
a g a r g e la t in e  media^ W inogradsky s u c c e s s f u l ly  
i s o la t e d  th e  n i t r i f y i n g  b a c te r ia  and p u b lish ed  
h i s  d is c o v e r y  in  th e  Annals o f  the P asteu r  
I n s t i t u t , ,
1890, fv. If' Mémoire 2 1 3 .— 31 .
2f. Memoirs 2 5 7 .— 75 ,
3*. Memoirs. 760 . — 71 .
The d is c o v e r y  by Munro th a t organism s
w i l l  grow in  p u r e ly  in o rg a n ic  s o lu t io n s  has 
been  used fo r  th e  i s o l a t io n  o f  th e  d i f f e r e n t  
s p e c ie s .  Prankland succeded in  i s o la t in g
n itr o u s  organism s by th e  d i lu t io n  method. 
Q m eliansky confirm ed th e  f a c t  th a t two ty p es  o f  
Organisms are  n e c e ssa r y  to  convert ammonia to
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N it r a t e ,  -  N i t r i t e  b e in g  an in term ed ia te  s ta g e .
Thus i t  was f i n a l l y  e s ta b lis h e d  on a s c i e n t i f i c  
b a s i s  th a t  the s p l i t t i n g  up o f  a l l  organ ic  
compounds i s  th e  work o f  m icro-organ ism s.
In  co n n ectio n  w ith  th e  a p p lic a t io n  o f  
th e se  p r in c ip le s  to  P u b lic  H ea lth  M. Lotkis Mouras 
was one o f  th e  p io n e e r s . He in vented  a
s e l f  em ptying c e ss p o o l about th e  year 1860, and 
in  1883 th e  r e s u l t s  o f  h i s  o b serv a tio n s  were 
p u b lish ed  by a P r i e s t ,  The Abbd' Moigno in  P a r is .
B r ie f ly  s ta te d  the g i s t  o f  Mouras* 
work was in  n o tin g  th a t the co n ten ts  o f  old  
c lo s e d  c e s s p o o ls  were c le a r  w ater, a l i t t l e  
sed im en t, and no bad odour. He thought
th a t  th e  a g e n ts  which changed the o r ig in a l  co n ten ts  
m ight be V ib r io s  or the Anaerobes o f  P a steu r . 
Cameron o f  E x eter  in  1895 formed a c e ssp o o l a f t e r  
th e  manner o f  Mouras and c a lle d  i t  "The S ep tic  Tank"
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D uring th e  tra n sfo rm a tio n  o f  
n itr o g e n o u s  organ ic  m atter  in to  n i t r a t e s  
w hether i^  s o i l  or a r t i f i c i a l  sewage b ed s, 
i t  i s  found th a t  th e re  i s  a c o n tin u a l d im in u tion  
in  th e  t o t a l  number o f  b a c te r ia  and th a t th e re  
i s  a  c o n sta n t change o f  ty p e . As th e  environm ent 
changes from phase to  phase^ groups o f  organism s 
d isa p p ea r  and new ty p e s  take t h e ir  p la c e .
Each type o f  organism  h as an optimum s e t  o f  
c o n d it io n s  such a s  tem p erature, m o istu r e , q u a lity  
and q u a n tity  o f  fo o d , amount o f  oxygen, e t c .
I t  i s  known th a t  when sewage reaches  
th e  p u r i f ic a t io n  ground much o f  th e  p r o te in s  
h as been converted  in to  album oses and peptones  
and th a t  th e se  q u ick ly  p a ss  through the s ta g e  
o f  am in o-ac id s i# to  ammonia, n itr o g e n , and o th er  
g a s e s .  There i s  now q u ite  a mass o f
exp erim en ta l ev id en ce  to  show th a t most o f  the  
b a c te r ia  found in  sewage and s o i l  are capable
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o f  form ing ammonia from n itr o g en o u s  organ ic  
m a tte r . The work o f  W arington, C h ester ,
Leuhe, M igu el, and o th e r s  has dem onstrated t h i s  
p o in t .  There i s  ev id en ce  to  show fu r th e r
th a t  n itr o g e n  i s  l ib e r a te d  from n itr a te d  
so lu tio n s^ a n d  th a t  t h i s  gas i s  produced by the  
in t e r a c t io n  o f  th e  o x id e s  o f  n itrO gen and 
a m in o -a c id s . The co n v ersio n  o f  ammonia
in to  n i t r i t e s  and n i t r i t e s  in to  n i t r a t e s  was 
f i r s t  stu d ied  in  England by W arington and la t e r  
on th e  C ontinent by W inogradsky. Two groups
o f  m icrobes were c a r e fu l ly  stu d ied  and named 
a f t e r  t h e ir  fu n c t io n s  n itr o u s  and n i t r i c  b a c te r ia .  
I t  appears from more r ec en t work by M assol th a t  
th e  n itr it e -p r o d u c e r s  take on sym b io tic  p r o p e r tie s  
w ith  ord in ary  s o i l  b a c te r ia  whereby organ ic  
m atter  f a i l s  to  retard  th e  growth o f  th e  b a c te r ia ;  
and th a t  in  th e  ca se  o f  th e  n itr a te -fo r m e r s  
ammonia has l i t t l e  power o f  in te r fe r e n c e  once the
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organism s have had a r ig o r o u s  s t a r t  in  grow th.
Inasmuch as i t  r e q u ir e s  weeks or months 
to  tran sform  dead p r o te in s  in  th e  s o i l  in to  
n i t r i c  a c id , s o i l s  or n i t r i f y i n g  beds doin g  poor  
work may be improved by seed in g  w ith  s o i l  from  
o ld e r  and r ip e  b ed s . Such a bed i s  th e
scen e  o f  many p h y s ic a l  and chem ical changes 
o ccu rr in g  s id e  by s id e  w ith  v a r io u s  b io lo g ic a l  
o p e r a tio n s . M icroscop ic  p a r t i c l e s  are
caught in  th e  m eshes o f  th e  f i l t e r i n g  m a te r ia l,  
w h ils t  u ltr a -m ic r o s c o p ic  p a r t i c l e s  f a l l  out on 
th e  su r fa c e s  o f  the same. But i t  must
not be concluded th a t the tran sp aren t and 
o d o u r le ss  e f f lu e n t  produced c o n ta in s  the p r e v io u s  
n itro g en o u s m a tters  in  th e  form o f  n i t r a t e s .  
Som m erville has shown th a t  i t  i s  p o s s ib le  in  
5 m inutes to  transform  th e f o u le s t  sewage in to  
a p a ssa b le  e f f lu e n t  by two or th ree  f i l t r a t i o n s  
through anim al ch a rco a l; but th e  ch a rco a l a t  th e
9 .
end o f  a month w i l l  s t i l l  c o n ta in  u n d is so c ia te d  
projbeins which a t  th e  end o f  a second month have 
n ot a l l  reached th e  s ta g e  o f  n i t r i c  a c id . I f  
th e  t o t a l  n itr o g e n  he estim ated  in  th e  sewage 
and e f f lu e n t  a la r g e  d e f i c i t  w i l l  alw ays he 
found in  th e  e f f l u e n t .  F urther the n i t r a t e s
found in  such an e f f lu e n t  may have been formed 
in  th e  f i l t e r i n g  m a te r ia l  a month ago and are now 
m erely  washed o u t* /A lo n g sid e  t h i s  p r o c ess  o f  
n i t r i f i c a t i o n  th e  o p p o s ite  p r o c e ss  o f  d e - n i t r i f i c a ­
t io n  i s  in  o p e r a tio n . Maas en has stu d ied
more than a hundred s p e c ie s  o f  b a c te r ia  capable  
o f  red u cin g  n i t r a t e s .  Stephen Gage s t a t e s  th a t
o f  5 ,0 0 0  c u ltu r e s  i s o la t e d  a t  th e  M assachusets  
S ta te  Board o f  H ealth  exp erim en ta l s ta tio n ^ 8 5  per  
c e n t were capable  o f  red ucin g  n i t r a t e s  more or l e s s  
c o m p le te ly . Some o f  th e se  reduce n i t r a t e s
to  n i t r i t e s  and ai/imonia, o th e r s  reduce n i t r a t e s  to  
NO and N^O; and o th e r s  ev o lv e  fr e e  n itr o g en  gas  
from ammonia. I t  i s  in t e r e s t in g  in  t h i s
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co n n e c tio n  to  n o te  th a t  S tu tz e r  has separated  
a s p e c ie s  which he h as named B. d e n i t r i f i c a n s  
w hich decom poses n i t r i t e s  hut not n i t r a t e s .
B. c o l i  red u ces n i t r a t e s  to  n i t r i t e s .  Hence 
a m ixtu re  o f  th e se  organism s w i l l  reduce  
n i t r a t e s  to  n itr o g e n  g a s . D e n itr ify in g
b a c te r ia  ca rry  on t h e ir  fu n c t io n s  a e r o b ic a lly  
and a n a e r o b ic a lly .
In s o i l  and in  sewage beds the  
form ation  o f  n i t r a t e s  ta k e s  p la c e  in  two s ta g e s ,
(1 )  T ransform ation  o f  anmonia to  n i t r i t e s  
by th e  a c t io n  o f  th e  group o f  b a c te r ia  named 
a f t e r  t h e ir  fu n c t io n  N itro u s b a c te r ia .
(2 )  The o x id a t io n  o f  n i t r i t e s  to  n i t r a t e s  
through th e  a c t io n  o f  n i t r i c  b a c te r ia . To 
en ab le  t h i s  o x id a t io n  to take p la c e  th ere  must 
be p r e se n t
Pabulum fo r  the b a c te r ia , an a lk a lin e
m edia. Oxygen, a b ase  (ca lc iu m ) w ith  which the
A
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n i t r i c  a c id  can com bine, Water, and a tem perature  
betw een 5^  C. and 5(f G.
In o rg a n ic  s o lu t io n s ,  n itr o u s  organism s 
grow w e l l ,  w h ile  N i t r ic  organism s do n o t, and in  
in o rg a n ic  s o lu t io n s  c o n ta in in g  n i t r i t e s  the  
r e v e r se  i s  tru e  b ecau se  in  th e se  s o lu t io n s  n itr o u s  
organism s are in ca p a b le  o f  candying out the  
o x id a t io n  p r o c e s s . The p resen ce  o f  humus
or p ea t a id s  n i t r i f i c a t i o n  by the e v o lu t io n  o f  
c a r b o n -d io x id e , which red uces the number o f  
b a c te r ia  b e lo n g in g  o th e r  groups, and e s ta b l i s h e s  
c o n d it io n s  under which i t  i s  p o s s ib le  fo r  the  
n i t r i c  and n itr o u s  groups to  grow t o g e t h e r , . and 
a t  th e  same tim e i t  a llo w s  the stro n g er  organism s 
to  su iip iv e , develop^and become more a c t iv e  in  
t h e ir  work.
The la r g e  p r o te in  m olecu le  c o n ta in in g  
n itr o g en *  i s  abundant in  s o i l  and in  sewage.
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In  th e  p resen ce  o f  w ater and p u tr e fa c t iv e  
b a c t e r ia  c le a v a g e  ta k e s  p la c e .  The hyd roxyl
group ( oh) c o n tr o lle d  by th e  enzyme a c t s  a s a wedge 
in  s p l i t t i n g  th e  p r o te in  m o lec u le , w ith  form ation  
o f  P r o te o se s ;  fu r th e r  d ig e s t io n  ta k e s  p la c e  in to  
P ep to n es, A m ino-acids, Anmonia, f r e e  N itro g en , 
and o rg a n ic  a c id s .  O x id ation  i s  now
c a r r ie d  a step  fu r th e r  by th e  a c t io n  o f  th e  
n i t r i f y i n g  b a c te r ia ,  Ammonia i s  o x id ise d  to  
n itr o u s  a c id , and l a t e r  N it r a t e s  are  form ed.
The change from Ammonia to  n itr o u s  a c id  i s  
co m p a ra tiv e ly  s lo w , no in te rm e d ia te  product has  
been d is c o v e r e d , th e  h ig h e r  o x id a t io n  to  n i t r i c  
a c id  i s  r a p id . In  over two hundred
d e te r m in a tio n s  made by th e  w r ite r  o n ly  a tr a c e  
o f  n i t r i t e  was d isco v e re d  by th e  methods employed.
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H y d r o ly s is  o f  P r o te in  M olecu le  r e s u l t s  in  
P r o te o se s
Peptor es
P o ly p e p tid e s  
Amino "^c id s  
Ammonia.
Ammonia i s  l a t e r  o x id ise d  by th e  n i t r i f y i n g  
b a c t e r ia  to
N i t r i e s
N i t r a t e s .
I t  i s  b e lie v e d  th a t  th e se  changes are  
e f f e c t e d  through th e  enzymes o f  th e  b a c te r ia  
engaged a c t in g  as c a t a l y s t s .
A c a t a ly s t  i s  an agen t w hich in f lu e n c e s  
a ch em ica l r e a c t io n , and e i t h e r  a c c e le r a t e s ,  
d i r e c t s ,  or r e ta r d s  i t ,  w h ile  th e  c a t a ly s t  i s  n ot 
i t s e l f  changed. An example o f  a c a ta ly s e d
r e a c t io n  i s  found in  th e  s o l u b i l i t y  o f  Io d in e  in  
a s o lu t io n  o f  p o tassiu m  Io d id e  a t  o rd in a ry  
tem p eratu re . In  t h i s  change K .I . i s  th e  c a t a l y s t .
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A gain th e r e  are  numerous com binations  
e f f e c te d  by th e  c a t a l y t i c  agency o f  f i n e l y  
d iv id e d  p la tin u m  such a s  th e  com bination  o f  
Oxygen and Hydrogen to  form Water, and the  
h y d r o ly s is  o f  cane sugar by Io n ic  Hydrogen.
Furtherm ore, o x id a t io n s  e f f e c te d  by  
Hydrogen p ero x id e  are  a c c e le r a te d  by th e  p resen ce  
o f  c e r ta in  s a l t s  o f  iro n  and manganese. The 
a c t io n  o f  th e  c a t a ly s t  i s  compared to  th a t o f  
b la ck lea d  on a summer ic e  t a b le ,  '— wooden 
ta b le  coated  w ith  b la c k le a d , om which c u r lin g  
s to n e s  o f  iro n  are u sed . The Plumbous
ox id e  red uces th e  c o - e f f i c i e n t  o f  f r i c t i o n ,  and 
a llo w s  f r e e  movement o f  the iro n  on the wooden 
su r fa c e , and thus a c c e le r a te s  the m otion .
Or aga in  th e  a c t io n  o f  th e  c a t a ly s t  i s  l ik e  th a t  
o f  ch a lk  used on th e  le a th e r  t ip  o f  a  b i l l i a r d  
cue to  p reven t s l ip p in g , but w hether th e  r e a l  
e f f e c t  o f  the c a ta ly s t  i s  to  a c c e le r a te ,  r e ta rd ,
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or to  p rev en t s l ip p in g ,  i t  seems to  d ir e c t  th e  
a c t io n  and r e t i r e ,  as i t  i s  not found in  th e  
end p ro d u ct. As regards th e  p a rt which
th e  c a t a ly s t  p la y s  in  a r e v e r s ib le  reaction^  
i t  i s  p o s s ib le  th a t  a l l  r e a c t io n s  are r e v e r s ib le  
i f  we knew how to  e s t a b l i s h  s u i ta b le  c o n d it io n s ,  
and th a t  th e  c a ta ly s in g  agent ta k e s  the same 
p a r t in  d e n i t r i f i c a t i o n  a s  i t  does in  
n i t r i f i c a t i o n .
In cu b ation  a t  c e r ta in  tem peratures in  
p resen ce  o f  m o istu re  s t im u la te s  th e  b a c t e r ia l  
p r o c ess ;  above 5(S C. however th e  form ation  o f  
n i t r i c  a c id  by b a c te r ia  c e a s e s .  A n t is e p t ic s  
o f  d e f i n i t e  s tr e n g th s  a ls o  stop  th e  a c t io n .  
N it r ic  a c id  may be formed but the form ation  
i s  s lo w  and must be p u r e ly  ch em ica l.
1 6 .
The E itro g e n  Cycle.
ÎTitrogen F ix in g  
B a c te r ia P la n ts
F ree ITitrogen
B a c te r ia
P r o te in s , f a t s ,  
Carhohyd ra t e s , 
e t c .
Animals
Urea, P r o te in s  
A m ino-acids, e tc ,
1 7 .
The fo l lo w in g  experim en ts show th e
e f f e c t s  o f
(1 ) Tem perature,
(2 ) W ater.
(3 ) A d d itio n o f humus.
(4 ) A d d itio n o f su lp h u r.
(5 ) A d d itio n o f CSg.
(6 ) A d d itio n o f f a t .
(? ) A d d itio n o f b a s ic  s la g
upon th e  a c t i v i t i e s  o f  th e  n i t r i f y i n g  organism s 
in  c e r ta in  s o i l s .
The method o f  e s t im a tin g  n i t r a t e s  
which I  used was th a t o f  S p ren gel.
The "basis o f  t h i s  method c o n s i s t s  in  th e  
n i t r a t io n  o f  p h en o l-su lp h o n ic  ac id  to  form p ic r ic  
a c id  and the co n v ersio n  o f  th e  p i c r ic  a c id  in to  
an a lk a l in e  s a l t  ( l  used th e  ammonium s a l t )  which  
i s  h ig h ly  co lo u re d . The saiaple under
exam ination  was tr e a te d  in  p a r a l le l  w ith  a
1 8 .
standard s o lu t io n  o f  KETO^  ( l  c c . -r  0 .1  mgm 
n i t r i c  ÎT).
P henol su lp h o n ic  ac id  was prepared "by 
h e a t in g  pure p h en ol and pure su lp h u r ic  ac id  in  
th e  n e c e ssa r y  q u a n t i t ie s  fo r  se v e r a l hours on. a 
w ater h ath  a t  100 0 .
Ten c c . o f  th e  sample n i t r a t e  and 
10 c c .  o f  th e  standard n i t r a t e  s o lu t io n  were 
evaporated  to  d ry n ess in  p o r c e la in  h a s in s  on 
a w ater h ath  a t  100 0 .. To each o f  the
dry r e s id u e s  were added 1 .5  c c . phenol su lph on ic  
ac id  and th e  n i t r a t io n  com pleted on the w ater hath . 
When c o o l th e  c o n te n ts  o f  each d ish  were c a r e fu l ly  
washed in to  a marked n e s s le r  g la s s  w ith  d i s t i l l e d  
w ater, sa tu ra te d  w ith  HH^ OH, and the volumes made 
up to  100 c c . The co lo u r  o f  the sample was
matched hy th e  r e q u is i t e  q u a n tity  taken from the  
more d e e p ly  co lou red  standard and d ilu te d  up to  
th e  same volum e, v i z  100 c c .
19
Where s l i g h t  d i f f e r e n c e s  occurred in  
th e  shade o f  th e  t i n t ,  as d id  o c c a s io n a lly ,  the  
match was made hy v iew in g  th e  t i n t s  in  th e  c le a r  
g la s s  o f  th e  bottom s o f  th e  n e s s le r  g la s s e s  as  
th e y  stood  on a w h ite  t i l e  s id e  hy s id e  in  a 
n orth  l i g h t .
2 0 .
Taking o f  S o i l .
Samples were taken a t  a uniform depth  
w ith  an iro n  t o o l  making a c le a n  v e r t i c a l  c u t ,  
no sample was taken from fre sh ly -p lo u g h ed  or  
recently-m anured la n d . In th e  la b o r a to r y
the  s o i l  was spread out to  dry, and the g r o ss  
m atters and s to n e s  removed, a f t e r  which i t  was 
passed  through a 3 s^ ^ ve , s l i g h t l y  heated  
and ground in  a m ortar. Samples o f
5 grammes were c a r e f u l l y  weighed out and 
d is s o lv e d  in  25 c c .  d i s t i l l e d  water over a 
water h a th , s t i r r e d ,  and washed s e v e r a l  t im es  
u n t i l  a l l  n i t r a t e s  were e x tr a c te d .  The s o lu t io n  
was then f i l t e r e d .  Ten c c .  o f  the  f i l t r a t e  
were evaporated in  a p o r c e la in  d i s h .
21.
ÎT itra tes  in  s o i l s  a t  16 C and a t  37 C.
Table 1 .
Nov: 1913.
N i t r a t e s  p a r t s  per m i l l i o n .
S o i l ,  saraple 
5 grams.
At 16' C. A fte r  in cu b atin g  
in  m oist  c o n d it io n  
a t  37"0 fo r  3 d ays .
1 . Surface  s o i l ,
I  6 .2
a r a b le  land in
3 .5!
A y rsh ire .
2 sam ples.
3 .8 6 .5 2
2 .  Surface s o i l ,
'
a r a b le  la n d , in 3 .3 7 .6
M id dlesex .
3 .  Surface  s o i l .
a r a b le  la n d ,
manured w ith  sea 5 .6 9 .8
weed fo r  25 y r s .
A y rsh ire .
1
22.
Table 1 . ( c o n t in u e d ) .
S o i l ,  sample 
5 grams.
At 16* C. A fte r  in cu b a tin g  
in  # o i s t  c o n d it io n  
a t  37* C fo r  3 d ays .
4 .  Arable lan d ,
red sandy loam. 3 .5 4 .7
Surrey.
5 .  Surface  Arable
Land. 2 .3 3 .3 8
H ertford .
6 .  Made s o i l .
3 .3 4 .5 2
M id dlesex .
7 . Loam from a r a b le
la n d .






8 .  Surfa c  e , a ra b le
land • 1 .5 4 3 .4 3




M t r a t e s  p a r t s  p er  m i l l i o n .
S o i l ,  sample 
5 graras.
At 16" C. A fte r  in c u b a t in g  
in  m o is t  c o n d i t io n  
a t  37® C f o r  3 d ay s .
9 . Garden S o i l ,
su r fa c e  u n cu l­
9 .0 1 1 .3
t iv a t e d  .






10 . Garden S o i l ,
18" below su r fa c e 3 .3
4 .8 2
u n c u l t iv a t e d .
3 .8 5 .9 1
M id d lesex . 3 .6 7 4 .2 5
Three sam ples.
11 . Garden S o i l ,
1 su r fa c e ,  un cu l­ 3 .5 5 .5
t iv a te d  . 3 .8 614
M id dlesex .
Two sam ples.
1 2 .  Garden s o i l 6 .3 9 .6





H it r a t e s  p a r t s  per  m i l l i o n .
S o i l ,  sample 
5 grams.
At 16“ C. A fte r  in c u b a t in g  
in  m o ist  c o n d it io n  
a t  37*0 f o r  3 d ays .
13 . Lim estone
su r fa c e  s o i l , 6 .2 1 .7
g rey  c o lo u r . 4 .1 0 .7 5
Surrey. 
Two sam ples.
1 4 .  Surface  sandy
s o i l  from the  Downs 2 .0 0 .3 8
Surrey. White 1 .3 0 .4
cha lk  w ith  f l i n t s .
Two sam ples.
1 5 .  Surface sandy
s o i l  from the Downs 2 .8 0 .8 5
Surrey, red sand 1 .7 0 .8
w ithou t f l i n t s .
Two sam ples.
25.
Table 3 . ( c o n t in u e d ) .
S o i l ,  sample  
5 grams.
At 16" C. A fte r  in cu b a tin g  
in  moj.st c o n d i t io n  
a t  37 C f o r  3 d a y s .
1 6 .  Upper green
sands d e p o s i t s 8 .7 0 .2 8




1 7 .  Poor su r fa c e
sandy s o i l . 1 .5 0 .7
Surrey.
1 8 .  Sstndy su b sta n ce
w ith  l im e ,  from a 4 .3 0 .3
p i t  10 f e e t  deep .




N i t r a t e s  p a r t s  per  m i l l i o n .
S o i l ,  sample 
5 grams.
At 16* G. A fter  in cu b atin g  
in  m oist  c o n d it io n  
a t  37* C fo r  3 d ays .
19 .  Su rface  s o i l
from Woodlands a t 5 .2 9 .5




20 . Prom a wood
u n c u lt iv a te d  fo r 2 .5 5 .4
a g e s .
K ent.
3 .8 5 .8 5
Two sam ples.
2 1 .  Surface  from
woodland Spping 1 .8 2 .6
P o r e s t .
E ssex .




S o i l ,  sample 
5 grams.
At 16*C. A fte r  in cu b a tin g  
in  m oist  c o n d it io n  
a t  37* C fo r  3 d ays .
2 2 .  Prom Woodland,
Norwood, 8 . 3 . , w ith 4 .4 8 7 .6
much Humus. ( su rfa c  e ) 4 .6 1 8 .9
Two sam ples.
2 3 . Su b-surface
12", same p la c e . 0 .8 5 2 .7





N i t r a t e s  p a r t s  per m i l l io n .
S o i l ,  sample 
5 grams.
At 16' C. A fte r  in cu b atin g  
in  m oist  c o n d it io n  
a t  37* C fo r  3 d ays .
24 . R iver  bank
bathed w ith 1 .5 5 .6
sewage. 2 .8 7 .5
A y r sh ir e . 3 .2 5 .5 8
P iv e  sam ples. 5 .5 7 .5 1




N i t r a t e s  p a r te  per  m i l l i o n .
S o i l ,  sample 
5 grams.
At 16* C. A fte r  in cu b atin g  
in  m oist  c o n d it io n  
a t  37* C fo r  3 d ays .
2 5 .  P e a t . 8 .6 1 1 .3
R en frew sh ire . 8 .7 4 1 0 .9
F iv e  sam ples. 7 .9 8 1 0 .4
8 .5 4 1 1 .8
7 .6 8 11 .35
30.
Table 7 .
N i t r i f i c a t i o n in w ater - logged  s o i l s .
A p r i l  and May 1914.
20 sam ples o f  50 grms, sa tu rated  w ith  d i s t i l l e d
w ater , put in  g l a s s c y l in d e r s ,  a i r  excluded by
s to p p e r .  Kept 10 days a t  18* G.
N i t r a t e s  p a r t s  per m i l l i o n .
B efo re  S a tu r a t io n . A fter  10 days .w ater  
was c a r e f u l ly  f i l t e r e d  
o f f ,  and N determined  
in  r e s id u e .
3 .6 0 ,6
1 .5 0 .5
8 .6 0 .8
5 .6 0 .3
1 .5 0 .2
9.d 0 .8 1
3 .3 0 .3
3 .5 0 .2 5
3 .3 0 .3 1
1 .8 0 .7
3 .8 0 .1 3
5 .2 0 .5 3
3 .5 0 .1 6
31.
Table 9 .
N i t r i f i c a t i o n  in  a m ixture  o f  s o i l  and Humus,
(Humus from an o ld  sewage b e d . )
March 1914 .
S o i l  75 grams.
Humus 25 grams.
Water 25 grammes*
Kept 21 days a t  16* C•
N i t r a t e s  p a r t s  per m i l l i o n .
■ - . ......... - ............"1
Humus. M ixture
a f t e r  21 d ays .
0 .3 8 0 .7
0 .4 6 1 .5
0 .3 5 1 .2
0 .1 4 1 .3
0 .2 7 1 .3
0 .3 2 1 .5
0 .1 5 1 .8
0 .2 8 2 .4
0 .1 4 2 .3
0 .1 3 0 .3 6
34.
t
Table 9 .  ( c o n t in u e d ) .
Humus. M ixture
a f t e r  21 days.
0 .2 4 0 .4 2
0 .1 3 0 .3 5
0 .1 4 0 .4 3
0 .3 1 .7
0 .1 2 2 .5
0 .1 4 0 .7
0 .2 0 .9
0 .3 1 .3
0 .3 2 1 .1
0 .4 0 .7 6
35.
Table 1 0 .
A p r i l  1914.
The in f lu e n c e  o f  su lphur on n i t r i f i c a t i o n  
in  s o i l  from a r a b le  la n d .
S o i l  100 grms. Sulphur (su b lim ed ) 1 grin. 
Mixed and m oistened  w ith  25 c c .  d i s t i l l e d  w ater .  
Kept 14 days a t  16*0 .
N i t r a t e s  p a r t s  per  m i l l i o n .
1 B efo re  S. added. A fte r  14 days.
2 .5 0 .2
1 .8 5 0 .3
2 .0 0 .3
1 .7 6 0 .0 5
1 .8 0 .0 3 5
2 .1 0 .1 2
1 .7 5 0 .0 7
1 .7 6 0 .4
2 .5 0 .8
1 .6 0 .8 4
1 .2 0 .7
1 .5 0 .7 4
1 .6 0 .5 5
36.
Table 1 0 .  (c o n t in u e d )
B e fo re  S. added A fte r  14 days
0 .4 81.8
1 .7 0 .3 4
2 .4 0 .3 3
0 .3 31.8
1 .5 4 0 .3 2
1.6 0 .2 5
1 .5 4 0 .1 5
0 .1 81 .7






A p r i l  1914 .
The in f lu e n c e  o f  su lphur on n i t r i f i c a t i o n
in  a m ix tu re  o f  s o i l  and Humus from sewage bed .
S o i l  75 grams.
Humus 25 grams.
Sulphur ( su b lim ed) 1 gram.
W ell mixed; m oistened  w ith  25 c c .  d i s t i l l e d  w ater .
Kept 14 days a t  18* C.
N i t r a t e s  p a r t s  per  m i l l i o n .
B efore  S. added. A fte r  14 days.
1 .5 0 .8
1 .7 0 .5
1 .2 0 .3 5
1 .3 0 .5 3
1 .3 0 .7 2
1 .5 0 .3 3
1 .8 0 .6 3
2 .4 0 .5 4
2 .3 0 .4 4
1 .3 6 0 .3 4


























The in f lu e n c e  o f CSg on n i t r i f i c a t i o n  in
a m ixture  o f  s o i l  from a ra b le  land and Humus
from sewage bed.
S o i l  75 grms. Humus 25 grms. Water 25 c c .
CSg 10 grams.
W ell mixed, k ep t  10 days a t  18 C.
N i t r a t e s  p a r t s  per m i l l i o n .
U ntreated s o i l . M ixture s o i l .  Humus and CSg.
3 .5 0 .1 5
3 .8 0 .0 6
4 .1 0 .2
3 .6 0 .0 5
2 .9 0 .0 1
4 .2 0 .1 3
5Ï5 0 .0 7
2 .6 0 .1 4
3 .1 0 .3
1 .9 0 .0 7
40 .
Table 15*
A p r i l ,  May 1914 .
The é f f e c t  o f  f a t  on n i t r i f i c a t i o n  in  s o i l .
S o i l  100 grms.
Liquid f a t  composed o f  equal p a r t s  mutton f a t  
o l i v e  o i l  and c a s to r  o i l ,  10 g r a m s .g en t ly  heated  
and th orou gh ly  mixed, m oistened w ith  25 cc s t e r i l e  
w ater , -  kept in  a dark p la c e  fo r  fo u r te e n  days a t  18 C,
N i t r a t e s  p a r ts  per  m i l l i o n .
S o i l . S o i l  100 g r m s ,fa t  10cc  
a f t e r  14 d ays .
S o i l  100 grms. 
Fat 5 c c .  
a f t e r  21 days.
1 .8 0 .2 2 0 .1 2
2 .5 0 .1 3 0 .1
1 .8 5 0 .1 4 0 .1 2
2 . 0 0 .1 4 0 .1 4
1 .7 6 0 .1 2 0 .2 2
1 .8 0 .1 7 0 .2 1
2 .1 0 .1 3 0 .0 8
1 .7 5 0 .1 7 0 .0 5




The in f lu e n c e  o f  B a s ic  S lag  on n i t r i f i c a t i o n  in  Humus, 
(from  old  sewage b e d . )
Humus 75 grams.
B a s ic  S lag  25 grams.
Water 25 c c .
Kept a t  18 C. 3 d ays .
N i t r a t e s  p a r t s  per m i l l i o n .















4 .3  
3 .1
3 .0 3  
3 .1 5  




Humus. Humus and S la g .
0 .2 4 3 .0 3
0 .1 3 3 .0 2
0 .1 4 3 .1 4
0 .3 3 .0 6
0 .1 2 3 .2
0 .1 4 3 .2 6
0 .2 3 .0 2
0 .3 3 .0 3
0 .3 2 2 .8 6
0 .4 3 .0 4
44.
C o n clu s io n s .
These t a b l e s  show ;«
( 1 )  That th e  n i t r i f y i n g  b a c t e r ia  do much more 
work a t  37 C. than a t  16 G.
(T a b le s  1 ,  2 , 4 , 5 ) .
( 2 )  That in  sandy s o i l s  n i t r i f i c a t i o n  i s  le s s e n e d  
a t  37 C. as compared w ith  th a t  a t  16 C.
(T able  3 . )
( 3 )  That in  p ea t  th e  n i t r i f y i n g  b a c t e r ia  are  
more a c t i v e  a t  37 C. than a t  16 G.
(T ab le  6 ) .
( 4 )  That in  w a ter - lo g g ed  s o i l s  n i t r i f i c a t i o n  
f a l l s  o f f  very  much.
(T able  7 . )
( 5 y That h e a t in g  s o i l  to  100*G. f o r  h a l f  an hour
l a r g e l y  in c r e a s e s  n i t r i f i c a t i o n ;  and t h i s  in c r e a se
a t  the  end o f  3 months i s  n e a r ly  double th a t  found
a t  the  end o f  1 month.
(Table  8 . )
^ < 0
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( 6 )  That th e  a d d i t io n  o f  o ld  humus (one th ir d )  
to  s o i l  l a r g e l y  in c r e a s e s  n i t r i f i c a t i o n .
(T able  9 . )
( 7 ) That 1^ Sulphur and 10^ Carbon d is u lp h id e  
g r e a t l y  d im in ish  n i t r i f i c a t i o n .
(T a b les  10 , 11 , 1 2 . )
( 8 )  That the  a d d i t io n  o f  10^ f a t  l a r g e l y  i n l i ib i t s  
n i t r i f i c a t i o n .
(T able  1 3 . )
( 9 ) That a d d i t io n  o f  one th ir d  by w eight o f  
b a s i c  s la g  to  humus g r e a t l y  in c r e a s e s  n i t r i f i c a t i o n ,
(Table  1 4 . )
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